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WIRE SUSPENSIONS IN WIND TUNNEL EXPERIMENTS.*

By Jean Kermeis.

For a long time there was accorded, in France, but little
credit to the results of wind tunnel experiments. This dis-
trust, though exéggerated, was not entirely unfounded. No ac-
cord was possible between the different laboratories, since
the polars varied, if not with the time, at least with the
balance used. We cannot, however, disavow the services ron-

dered by these early experiments, notwithstanding their inac-

~curacy. From the comparative viewpoint, even inaccurate sx—

periments may give valuable results, render it possible to
clear up a problem and indicate the way to follow, but their
comparison requires a perfect knowledge of the experimental
conditions and is practically impossible between different

laboratorics. It is, moreover, very hazardous to make assump-

" tions on the constancy or the mode of variation of an error,

when its value and even its causes are not known. The prescnt
status of experimental aerodynamics requires, moreover, a

closer approximation, while the cstablishment of a project de-

..

mands absolute accuracy for a good prevision 6f the performances.

Our laboratories are trying to attain this accuracy. Certainly

the coefficient of similitude Vi/u is far from Being rcached

* From "L'Aerophile," Scptember 1-15, 1935, pp. 2367-373.
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and 1t scems hardly probable that it ever will be. Thec size
and éﬁeed'5faairpidﬁ5é“éiefincréésed”ﬁuch'more Tapidly then
the diameters of wind tunnels or the power of their motors.

The efifect of this, however, is not so greaf as has been as-
sumed and its bad repute is due in part to the imputation to

it of errors recally resulting from totally different causcs.
These sources of important errors have been gradually elimi-
nated and we may now consider as exact the experimental results
obtained in our laboratories.

The eliminagtion of the rigid supports for the models and
their replacement by wires constitute a great improvement by
rendering negligible the interactions of the support, phenome-
na of & very complex aerodynamic order which introduce errors
often large and always impossible to evaluate. The use of a
balance with wires has, however, certain disadvantagss. The
aerodynamic resistance of the wires is always very large and
their use is rather difficult because the whole suspension
lacks rigidity and easily becomes distorted. We will here in-
vestigdte the nature of these distortions, evaluate the errors
they entail and describe the methods for takingvaccount of or
avoiding themn. |

Nature-of the Distortions .

We will briefly explain the principle .of the wire balance
(Fig. 1). The model is inverted and suspended by two systems

of vertical wires a, and a, to the 1ift balances B, and By .

o~
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The drag is transmitted by a system of horizontal wires c a

as
_restraining wire. b, at 45° and a vertical wire ag; attached -
to the drag balance B;.
The Gistortions ﬁndergong by this system may destroy the
verticality of a, and a, or the horizontality of ¢, . The

distortions may be due either to pcor initial adjustment or

to the stretching of the wires by the aerodynamic stresses.
A. lack of Verticality of a, and a,

1. Poor adjustment of balance.— We will suppose that as a

result of the poor adjustment of the balance, a, and a, make
an angle o with the vertical (Fig. 3), O being at O0r' and
C ét ¢' and a,, a,, b,, by respectively occupying the
positions at';, a';, b'; and b';.

We will designate by p a's, p b's, etc., the vertical
components of the tension of the wires a',, b',, etc., and
by ta's;, tb'ly, etc., the horizontal components of this same

tension. If we call @ the weight of the model, the following

are thc equations of equilibrium of the system before the wind

i

{ @ + pa', + pa'y + pb', + pbfs (1)

tc'y + ta', + tal'; + tb'; + tb'y; = O.

The air current generates the aerodynamic forces P and T
which are offset by variations in the tension of at;, aly and

¢’ « Let us call pra',, pla',, t'a'y, t'a's and t'cly +the
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new projections of these tensions.

The equilibrium equations then become

W + P+ p'a’y + pla’, + pb!, + pb', = O. (2)'

LT + t'ce's + tla'y, + tla'y + tb'; + tb'y = O.
From equations (1) and (3) we deduce

P+ (p'a', - pa',) - (pa", - pa'y).= O.

T+ (t'cly - tclz) + (t'0'y - to'y) + (tlobL -~ eo%h)=0.

In the first equation (p'a'; - pa'y) and (p'a's - pa'sy)
are toc stresses mecasurcd on the balances B, and B,. Their
sum is therefore equal to the 1ift.

In the second équation (t'c's ~ te'y), the stress is
measurcd on the balance B;. This stress is therefore equal
to the drag, to within the error (t'a'; - ta'y) + (t'a's - ta'y).

We now have

ot - 13! tiat? — tatz
7 1 L = tana = = ;
p'a'y - pa'y plals - pals

whence the error =
(t'a'y - ta'y) + (t'a'y - ta';) = tana [(p'at,

- pa'y) + (p'a'y - pa's )] = P tana.

Order of magnitude of the error.— The crror in the drag

is thereforc proportional to the 1ift, i.e., it varies with the

angle of attack. It dopends also on the distance between the
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model and the 1ift balances and is evidently of the magnitude of
00', i.e., of the error of adjustment.

Let ué'assume.that,'a = 0.1 degree and that tana = 0.0017.

| On tho other hand, the 1ift of a wing may Teach 15-20 timos tho

drag and the vrror then becomes 0.0017 x 30 T, i.e., error/T =
relative error = 0.034 or 3.4%, a far from negligible error,
notwithstanding the smallness of a., If tha adjustment is not

carefully made, the error may be quite large.

S Impcrfect initial adjustment. Effect of elongation of

Wwirg.— Duc to the action of the aerodynémic forces on the wmod-
el, the group as, by, cz 1is distorted by the stretching of
cach of its components. The result is a shifting of O and C,
toward the rear, to the positions 0! and ¢' (Fig. 3). Thus
an error is produced, which we are going to evaluate. We will
use tnc same notation as in the preceding cases.

At the beginning, the equilibrium is defined by

[m%-pal + paz + pb,; + pby = O.

) (1)
| tos + tb, = O.

In the wind, these become
W+ P o+ pa.‘l + pa,'g + pb'-_‘_ + pb'g = 0. ( )
) , ‘ ‘ , 3
T + tat; + tal; + tcly3 + t'b, = O.

Whence we deduce

(3)

P+ (payy - pa,) + (paly - pag) = O.
T + (-tcls - toy ) + (‘ta‘1 + tat'y ) = O.
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As before, the first of these equations indicates that the 1ift
—is accurctely méasurod on the balances B, and Bv*, the second;
 that tnc drag 1is acourately. measured on the balance B to“
withlnrtnc error ta', + %t a'; = tana (p a'l + p a‘z). We

can theorefore write

P afi +pat, = (pia'. - P2, ) + (o a' - p az) +pa, *oa,
and we have the error = tana (P + p a1 +p ae) In this case,
the value of the counterpoise and the weight of the model are
added to the lift.

We can assume that O00' 1is proportional to the drag anc
write . tano = KT (X having here the inverse magnitude of a
force): We then have the error = KT (P + p a, + P az), i.c.,
crror/T = relative error = K (P + p a, +p &2)6 The recoil
00! is not large, but it is often quite important, due to the
elastic distortion. This error may attain 5% for great lifts.

These two causes of error may occur simul;aneously and i%
is obvious that the impossibility of evaluafing the distor-
tions with precision prevents the calculation of the errors
they introduce. It may be possible to avoid these dist6r~
tions, eithef by improving the adjusting mechanism of the bal-
anoé or by diminishing the stress on the system of drag wires
or by inventing special indeformable_gombinations- ‘The first
method is hardly compatible with the sizec of the ﬁiﬁd tﬁnnclc
the 1rf10u1ty of establlshlng precise and practical - adgustlng

deﬁlces, light and little resistant to the w1nd and especlally
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with the flexibility of experimentation required in the labora-

“tories. -As to incrcasing.thc size 0f the wire, this is hard to

reconcile with the necessity of_rq&uoing to the minimum the ai—
ready congiderable drag of thec suspension Wiies;

However this may bc; the whole mechanism rust be studied
with the object of reducing the distortions as much as possi—
ble. Ve call especial attention to the matter of the dynamon-—
eters. It is practically impossible to climinate thelr em-

ployment, which noccessarily cntails quite important errors.

B. Lack of Horizontality of Qy

This lack may be due to a poor adjustment of the balance
or to an elastic distortion consisting of a vertical displace-
ment of O wunder the action of the lift (Fig. 4).

On »roceeding as before, by double projection, we-find an
error in the lift.amounting to T tanB, for faulty adjustment,
and (T + %t b,) tanp =K' P (T + t b,) for elastic distortion,
with the possibility of a combination of thege two errors.

This error, which is negligible in the ordinary case of air-
foils, may be of some importance when the drag is iargc vith
relation to the 1ift, which then becomes difficult to measure.

The Couble projoction of a,, by and c4 1ikewise reveals
an error in drag equal to T tanP foi fdulty adjusﬁment and
(T +t b,) tarnf for clastic distortion. This error, which

is gencerally negligible, depends, however, on tanf, whose
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value it is well 4o limit by diminishing 00! - or by incrcasing

"0A. It is véry important, however,-to give sufficient length

to OA, which one is tempted to reduce in order to diminish

“the horizontal recoil -00'. We may even experiment with differ—

ent lengths of OA, according to whether we wish to measure

the 1ift or the drag.

How 4o Eliminate these Errors

a) Static calibration.-~ As alrcady mentioned, 1t ddes not
seem noenible to avoid deformations of the balances. We cén
doubtless reduce them considerably and this precaution must be
taken when a balance is being designed. The value of the rec-
sults depends, however, on the precision of a difficult ad-
justment. It scems necessary, therefore, to vroceed after-
wards to an integral static calibration, that is to say, by
reconstituting, with weights placed at O and C, the equi~
librium with the weights measured at B, and Bp. Only then
can we proceed to a calibration of the drag. These operations
are long and difficult. The adoption of these supplementary
measures further diminishes thc approximation of the test, but

they constitute an indispensable guaranty, which completecly

-~ satisfies the mind._

b) Special balances.— It is of interest to consider here

the somewhat special case of fhe balance used at the Aerotech-

nic Institute of Saint Cyr. After being transformed, by vari-
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ous stages and for different reasons, it now constitutes a

~balance which-partially eliminates the errors due to distortions.

This resuit, obtained in an entirely fortuitous manner, may
lead t0 new and intercsting solutions.

Fig, 5 is a diagram of this aerodynamic balance, as usecd
with rigid supports. It has two parallelograms, ABCD of
drag ond F G E I of 1ift. The measurements are made at M
and N. T equals the mecasurement at N and P equals the
measurement at N plus the measurement at M. This balance
is too well known for us to dwell on its operation and advant—
ages, especlally from the viewpoint of sensitivity.

After the elimination of rigid supports and their replace-
ment by wires, it has been arranged as shown in Fig. 8. The
model 1s supported by counterpoises at the top. The 1ift is

measured at M and the drag at N. We will consider the ef-

fect of the above-mentioned distortions on this balance.

A. DLack of Verticality

le Poor adjustment of the balance (Fig. 7).~ We will as-
sume that, due to poor adjustment of the balance, a, and a,

reke on angle o with the vertical. O is at O' and € at

- G' and a3, 8z, b; and by respectively occupy the positions

a',, a'y, b', and b';. Wo will designate the forces the same
as before. The forces measured by the two 1ift and drag bal-

anccs will be designated by Pp. and Ty
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As above, we have, for the model, the following equations

Before the wind

W+ pa'y +pay, +pbdby +pby =0 (1)

t ey +ta'y +taly +tdby, +t, =0 ‘

In the wind:

{m‘ tPplal +plals ¥p by Fpblh =0 (2)
T + t'cly + $'a', + t'aly, + t D'y + %t D0y =0

By gsubtraction:

jP + (p'a', - pa'y) + (pa'’, ~pa'y) =0 (%)

‘LT +(t1013 - % 013)'4_ (tlall - % a’ll) + (t'aly - t a¥zs) = 0

On the other hand, the equilibrium equations of the balance,
before and during the wind, give, by subtraction, the following
equations (on replacing a'y; by c¢'; duie to the wire being at

=0y .
an angle of 45%):
. \ . .
(p'a'y - p a'y) + (p'a's - pa's) + (t'c'y = t c's) + TptPy=0
(t'a', - %t a'y) + (tlaty, - t a'y) + (t'c's = % clg) + Tg =0

(4)

From equations (3) and (4) we obtain:

12) P = Py + (trets - t cls) + Tn

il

or P =Py - (tla'y - ta'y) + (ta’s -t als)

The drag measurement is therefore exact.
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For the 1ift, the error is (t'at, -t al,; ) + (tta'y - t al)

a value vhich we haove szen 10 be equal to P tana, or a relative

error of tana. This error can never amount to 1% and is negli-

givle in all cases.

2) Perfect initial adjustment. Effect of elongation of

the wires.~ Proceeding as above, we obtain, for the model, the

foliowing equations:
{
T

and for the balanco:

g

+(pa'y ~pa,) t{pa, ~pa) =0
(

4

tcly — tog) +val, +ta'y +tblo+ (th, -t b))

(pa'y —pay) +pa's, ~pa +tcy - tcg+Tn+Pu=20

tal, ttal, +tcy, - tcg +tTp=20

On combining these equations as above, we obtain, for the drag
an error equal to

t bl + (£ D', — % Db,)-

This error depends entiroly on the tension of b, ond be,
i.e., on the value of the upper counternoiscs, which arc con-
stant not only during tuc same test, but during a whole series

of tests. If v, were vertical, we would have, as error,

(p b, + » bp) tano and, on assuming tana = KT, the relative

error becomes (p by, + p bs) K, which is the relative error of

the indcpendent and therefore constant 1ift.
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For the 1ift, the equation P = Py + Ty + (t c's - t c3)

indicates an error equal to

(t a', + % a',)
or : (P+®+pb; +p bs) tana

The relative error is:
W+ Pb, + Phby

tana
7

tana +

tana always being very small.
The absolute error (g+r,¥ % ;) tana is, in normal caces,
of the order of the sensitivity of the 1ift balance. In cer-

tain special cases, in testing hulls, for example, it is im-

portant t» take it into account.
B. Lack of Horizontality of

The equations of equilibrium show that the errors in %he
drag and in the 1ift are the same as with the old balance and
that the same precautions must be taken. In this case, how—
ever, the length of ¢ is clearly defined by that of
CR = BC and it is no longer possible to operaﬁe with different
lengths, according to the cases. This consideration mist of-

fect the choice of the dimensions of the drag parallelogran.
C. Advantages and Disadvantages of this Balance

The drag errors are independent of the 1ift. They are

therefore determined very simply and rapidly by a static cali-
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bration, vhich can be made for several values of the drag.

. The 1ift errors, which are negligible in the ordinary
cases of airfoils, are no longer so in thgéase of tests where
fhé 1lift is small in.comparison with the counterpoises and
drag. |

The cdisposition of thc.balanée, from thé very fact of 1its
prinoiple,‘rcnders impossible the integral calibration referrod
to above. We must bear in mind that this. calibration is of
value only in so far as it does not risk the intr§duotion of
new errors which might cxcced or simply equal the errors it
is desired to eliminmate. & very thorough investigation of
this matter should be made and we should endeavor to find some

simplec device which would be eagy to adjust and control.
Conclusions

The problem is too complex for us to be able to say which
is the better solution: the balance of the Saint Cyr type,
which is very practical in certain caseg but not in other
cascs, or the old method of suspension with its indispensable
calibration, We have hore simply tried to show the great im-

portance which thc errors inherent in wire sugpensions may

assume.

Of course the valuec of a balance depends on the possibil-
ity and the facility of eliminating the errors, but this is

not the only comsideration. All the questions of pendularity,
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sensitivity and incrtia have their impértanoe,'but they arc

t00 well known for it to be worth while for us to discuss them.
Reasons of a practical nature, the location of the labora-

tory, efficiency of the personnel, total efficiency, cost,. etcs.,

' contribﬁte their part to the choice of a balance. Reasons of

a physiological or even of a psychological order may, according

to the nature of the personnel, lead to different solutions.
Under all circumstances, however, accuracy is the primor-

dial ond necessary characteristic for which we must strive.

This treatise indicates under what conditions it may be ob-

tained.

Translation by Dwight M. Miner,
National Advigory Committee
for Aeronautics.
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Figs.6 & 7
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